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APPARATUS FOR CONFINING THE IMPURITIES OF A MOLTEN METAL 
CONTAINED INTO A CONTINUOUS CASTING MOULD 

The present invention relates to the field of the 
5 systems for feeding steel and confining impurities in 
strip continuous casting moulds. 

BACKGROUND 

As It is known, in the strip continuous casting with 
machine equipped with counter-rotating rolls, one of the 

10 main problems is constituted by the presence of 
impurities in the steel, which are typically constituted 
by oxides (coming from refining, transfer or casting of 
the molten metal) and by particles of refractory material 
(coming from the commonly utilized devices) , which tend 

15 to float up and to conglomerate on the surface of the 
molten metal bath causing thickenings which can reach 
even a few squared- cent imetre-wide area. Such impurities 
(commonly known under the term "scum") come then into 
contact with the surface of the rotating rolls and are 

20 dragged therefrom, then solidifying on the surface of the 
strip which is going to solidify and thus creating 
defects on the surface of the strip itself. 

From the state of the art some devices are known to 
avoid the a-r4rs4r^tg— occurrence of this problem: both trying 

25 to limitate the metal oxidation, for example by 
protecting the liquid bath in the mould with inert gas, 
and by producing an extremely clean molten metal . 
Nevertheless, in practice it is not possible, at least in 
an industrial process, avoiding an even minimum oxidation 

30 of the steel during the treatment or the transfer for 
example from the ladle to the tundish. Other polluting 
sources, as already said, are constituted by the 
refractory materials used, such as the tundish coating, 
the stopper rod or the discharger feeding the metal into 

35 the mould or the metal covering powders in the tundish. 

For this reason systems have been developed, which 
usually utilize barriers dipped into the molten metal in 
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the mould parailcly in parallel --in parallel to the rolls' 
axis, which tend to avoid the accumulation of these 
impurities near the surface of the casting rolls. 

In particular, JP 6-106304 and JP 2001-321897 
5 provide a pair of long barriers, arranged g-aaearllcl y in 
parallel— in par allel to the rolls' axis, dipped into the 
molten metal and a molten metal supply by means of a 
submersed discharger (hereinafter also designated as 
plr-unge r no z z 1 e ) with holes directed towards the rolls' 

10 surface. A part of the molten metal flow strikes against 
the barriers, which are positioned between pl unger -noz zle 
and rolls, and it is reflected inwards, whereas a part 
thereof passes under the barriers and creates a flow 
parallel to the rolls' surface which drag the floating 

15 impurities confining them inside the compartment 
constituted by the barriers. 

With this solution the floating impurities are not 
wholly moved away from the rolls' surface and in 
particular accumulations can form near the rolls in the 

20 bath area near the mould corners. This is because the 
fluid flow directed towards the rolls is quite weak and 
not much very effective since it is partially shielded by 
the barriers themselves and the holes are not directed so 
as to favour the movement of the impurities towards the 

25 mould corners. Furthermore, the superficial flow induced 
by the fluid part reflected by the barriers and directed 
towards the side plates, near the mould corners contrasts 
with the other superficial flow parallel to the rolls, 
hindering an easy accumulation of the impurities inside 

30 the barriers and creating stagnation areas between the 
barriers and the rolls where the impurities can thicken 
and where even steel solidif ications may form with 
consequent defects on the cast strip surface. 

Another drawback of this solution is that limited 

35 variations (already in the order of millimetres) in the 
positioning of the barriers or the holes of the 
pl:^ng-€rr-no z z 1 e cause ^-jrgB^r#jreart4^ve — signifi cant variations 
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in the metal flow which is rejected by the barriers and 
in that which passes thereunder and this significantly 
changes the fluiddynamic behaviour induced by the system. 
In an industrial iron-metallurgic context this 
5 constitutes a serious problem because, due to the 
dimensional tolerances, to the assembly techniques 
commonly used for the refractory components, to the 
unavoidable thermal expansions and to wears of the 
existing components, it is practically impossible to 

10 assure such a precision during the strip casting process. 

Furthermore, the device disclosed in JP 6-106304 
does not provide that at least a part of the molten metal 
supplied by the p^ ng - e a r no z z 1 e be directly directed 
towards the side plates and this generally involves the 

15 formation of undesired solidif ications on the plates 
themselves, with consequent serious casting problems. 

The device disclosed in JP 2001-321897 utilizes a 
molten metal supply partially directed towards the side 
plates so that the discharger holes directed towards the 

20 side plates have a total area ranging between 0.3 and 0.7 
of the total area of the other holes directed towards the 
surface of the casting rolls. On one side, if this 
solution avoids the formation of undesired 
solidif ications on the side plates, on the other side it 

25 causes a fluid flow directed towards the plates which 
worsens the critical situation already described by 
opposing itself to o as well to the superficial flow 
running parallel to the rolls' surface and it hinders an 
easy accumulation of the impurities inside the barriers. 

30 US5385199 discloses the use of two barriers dipped 

into the molten metal bath par rallcll y— -in para ll el to the 
surface of the casting rolls at a distance from such 
surface ranging from 3 to 10 mm. In this case the purpose 
is to avoid the thickening of impurities on the bath 

35 surface near to the rolls by exploiting the turbulent 
motion which arises in the limited space between barrier 
and roll due to the revolving motion of the rolls 
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themselves. However, with this solution steel 
solidif icat ions can easily form on the bath between 
barriers and rolls. These solidif icat ions impair the 
regular strip solidification causing unacceptable defects 
5 on the strip surface such as cracks and depressions. 

Therefore, in the specific field there is the need 

of having at disposal an apparatus arliewi^ -to 

ove rcome which overcomes the drawbacks inherent in the 
state of art. 

10 This need is fulfilled by the present invention 

which furthermore has other advantages which will be 
evident as illustrated hereinafter. 

SUMMARY 

■i-R — fact , — i-fe — ire — a — subj cct — e-f — the — p r esent — inven t ionA 
15 twin roll caster comprising an apparatus for confining 
the impurities of a molten metal fed by means of a 
discharger and contained into an area (3) of a strip 
continuous casting mould delimited by the side surfaces 
of two counter-rotating casting rolls with horizontal 
20 axis (la, lb) and by two containment side plates (2a, 2b) 
positioned in contact with the rolls' bases- 
comprising «-is provided. The apparatus includes : 

- a discharger (4) having at least two series of holes 

(4a, 4a') for the molten metal supply, each series 
25 being formed by at least a pair of holes directed 

towards one of the opposed side surfaces of the two 
rolls (la, lb) , respectively, and at least a second 
pair of holes (4b, 4b') for the molten metal supply, 
each hole of such second pair being directed towards 
30 the side plate nearest thereto, and said at least one 

second pair of fee-ie — holes (4b, 4b') being positioned 
at a greater depth with respect to said two first 
series of holes (4a, 4a' ) ; and 

- at least two pairs of barriers (5) present in a part 
35 of the area (3) •eo mpriGcd — between the pi ungc r no z z 1 e 

end and the containment side plates (2a, 2b) , said at 
least two pairs o f barriers forming a Y- shaped angle 
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b e t we e nfeteebe^yeeB the cross-sections of said 
barriers , lying on a same horizontal plane, a-n — ¥ 
angle . 

The holes of the first series of holes (4a, 4a' ) of 
5 the discharger (4) can be positioned symmetrically with 
respect to the p 1 unge^no z z 1 e centre and slanted on the 
horizontal plane by an X angle of at least 5° with 
respect to the perpendicular to the rolls ' axis, so that 
each hole of each pair be directed in a divergent way 
10 towards the side plate nearest thereto. 

The holes of the first series of holes (4a, 4a'} of 
the discharger (4) can be slanted on the horizontal plane 
by an X angle optionally different for each pair of 
holes . 

15 The second pair of holes (4b, 4b') of the discharger 

(4) can be positioned at a depth greater by at least 5mm 
with respect to any hole of the first two series of holes 
(4a, 4a' ) . 

The holes of said second pair of holes (4b, 4b') of 
20 the discharger (4) can be slanted inwards by an angle 
eemg^4. 3 cd ranging b etween 0° and 3 0°. 

The first series of holes (4a, 4a 7 ) of the 
discharger (4) can have the holes slanted upwards by an 
angle comprised ranging between 0° and 45°. 
25 The holes of the first series of holes (4a, 4a') of 

the discharger (4) can have a round-shaped cross-section 
with diameter eofflp^i-B-ed— r anging between 5 and 2 0 mm. 

The holes of the first series of holes (4a, 4a 7 ) of 
the discharger (4) can have a polygonally- shaped cross- 
30 section. 

The holes of the first series of holes (4a, 4a 7 ) of 
the discharger (4) can have a partially round-shaped and 
partially polygonally-shaped section. 

The polygonal holes of the fist — first series of 
35 holes (4a, 4a 7 ) of the discharger (4) can fee-? — art — le ast- 
part i ally , — ho rizo nta l — cle f t s — have a cross -sect ion having 
a height lewef- less than 2 0 mm. 
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The ratio between the total area of said second pair 
of holes (4b, 4b' ) and the total area of said first 
series of holes (4a, 4a') can be e^H^ieir&e-d — ranging 
between 0.15 and 0.30. 
5 The discharger (4) in the centre can have at least 

an additional hole (10) directed perpendicularly to the 
side surface of the rolls, positioned between said first 
series of holes (4a,4a') of the discharger (4) . 

The Y angle can be e^3ff^ei-s-ed---- ranging between 5° and 

10 45°. 

The barriers (5) can be constituted by one or more 
parts of refractory or ceramic material containing 
compounds selected from the group comprising Al 2 0 3 , BN, 
Zr0 2/ SiC, SiN, Si0 2/ MgO and combinations thereof. 
15 The barriers (5) can be slanted with respect to the 

vertical . 

The barriers (5) can be reversibly fastened to a lid 
positioned in the mould above the molten metal bath or 
they can be integrating part of the lid itself, 
20 alternatively the barriers (5) can be fastened to the 
discharger (4) or they can be part of the discharger 
itself . 

The barriers (5) can be formed by jets of inert or 
reducing gas, directed from the top towards the molten 
25 metal surface, which before being blown onto the molten 
metal surface is preheated at a temperature greater than 
100 C°. 

It is also a subject of the present invention the 
use of the apparatus for confining impurities of a molten 

30 metal contained into a strip continuous casting mould 
wherein the barriers (5) are positioned at least 10 mm 
away from the side surface of the rolls, at least 20 mm 
away from the side plates (2a, 2b) and not less than 10 
mm away from the discharger, and the use wherein the 

35 barriers (5) are partially dipped into the molten metal 
for at least 5 mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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A description of the present invention of general 
character has been given hitherto. With the help of the 
appended figures and of the example a more detailed 
description of the invention will be now provided with 
5 reference to an embodiment aimed at letting better know 
the objects, the features, the advantages and the 
operating modes thereof. 

Figure la is a schematic overhead sectional view of 
the roll mould and of the apparatus subject of the 
10 present invention taken on a horizontal plane passing 
through the axis of the holes directed towards the rolls' 
surface, all shown here at the same height for sake of 
simplicity . 

Figure lb is a schematic sectional view of the roll 
15 mould and of the apparatus subject of the present 
invention taken on a vertical plane parallel to the 
rolls' rotating axis and passing through the mould 
centre . 

Figure 1c is a schematic sectional view of the roll 
20 mould and of the apparatus subject of the present 
invention taken on a vertical plane orthogonal to the 
rolls' rotating axis and adjacent to the rolls' side 
surface . 

l. J X;U JL. Jrk „i_ JLl JuLe -L-J '£li O *w Jt\, JL, if JL JL. ^^J Xr$ 

25 The present invention is constituted by an 

apparatus, schematized in figure 1, for feeding molten 
metal into a counter-rotating roll mould for the strip 
direct casting. In such mould the metal is usually 
supplied by means of a refractory discharger (4) 

30 submersed inside the molten metal bath (3) contained into 
the compartment formed by the two counter-rotating rolls 
(la, lb), whereon the metal solidifies, and by two 
refractory plates (2a, 2b) pressed against the rolls' 
side surface. 

35 The impurities, which inevitably the steel contains 

(generally constituted by oxides coming from the 
refining, the transfer or by the casting of molten metal 
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and by particles of refractory material) , tend to float 
up and to conglomerate on the surface of the molten metal 
bath causing thickenings (6) which can reach a few 
cent imetre - squared-wide area. Such impurities (also known 
5 under the term "scum") com e ■ threa t hen come in contact with 
the surface of the rotating rolls and they are dragged 
therefrom, then solidifying on the surface of the strip 
which is going to solidify and thus creating defects on 
the surface of the strip itself. 

10 An object of the present invention is to avoid that 

having such impurities accumulate on the surface of the 
molten metal bath near the surface of the casting rolls 
so as to obtain a cast strip with a good superficial 
quality wholly without cracks, depressions or cavities. 

15 The discharging apparatus (hereinafter also 

designated as "plungcrnozzle" ) , subject of the present 
invention, is schematized in figure 1 and it is 
constituted by a submersed refractory p 1 ungc r no z z 1 e (4) 
which feeds the molten metal into the mould by means of 

20 two or more pairs of holes (4a, 4a' ) directed 
symmetrically towards the surfaces of the two rolls, 
wherein each hole of each pair is slanted by an X angle 
of at least 5° with respect to the perpendicular to the 
rolls' axis, with direction symmetrically diverging from 

25 the centre towards the sides of the mould, (said X angle 
is not necessarily equal in the different pairs) . These 

holes have a limited dipping (wherein mder "dipping" 

means the distance between the surface of the molten 
metal bath and the hole upper edge — i-s—^^R-t) , generally 

30 eompriscd — with i n ranging between 10 and 3 0 mm, and they 
generate a superficial flow of molten metal (9) which 
transports the impurities towards the mould sides. The 
slant towards the mould sides is fundamental to guarantee 
an adequate motion of the fluid and consequently of the 

35 impurities floating in such direction. 

Furthermore, the plungc r nozzle has at least two 
holes (4b, 4b' ) , one on each side, directed towards the 
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side plates with the holes' axis parallel to the rolls' 
axis. These holes aim at addressing a molten metal flow 
(8) directly towards the side plates so as to avoid the 
formation of undesired solidif icat ions on the plates 
5 themselves which could compromise the quality of the 
strip edges and which could even cause the rupture of the 
plates or of the strip itself. 

The dipping of these holes is at least 5 mm higher? 
more than the one of the holes directed towards the 

10 rolls' surface which in this solution preferably , but not 
necessarily, have the same dipping. The total area of 
these holes (4b, 4b') is preferably greater than 0.15 
times and smaller than 0.3 times the total area of the 
other holes (4a, 4a' ) of the p-lu^g-e-rriQ z z 1 e directed 

15 towards the surface of the casting rolls. 

Furthermore, the holes (4b, 4b') directed towards 
the side plates preferably, but not necessarily, are 
slanted downwards by an angle comprised — ranging between 
5° and 30°, which depends upon the distance between the 

20 hole and the related plate. 

In this way the molten metal flow (8) , directed 
towards the plates remain at a greater depth than the 
superficial molten metal flow (9) which transports the 
impurities towards the mould sides and thus it does not 

25 hinder the motion of said impurities. Without this 
solution it is not possible to assure an adequate 
quantity of molten metal towards the plates and 

conte fflpo^ar^ir4ry conemporaneously assure an effective 

removal of the impurities from the area of the bath 

30 surface near the casting rolls (meniscus) . 

The proposed apparatus is completed with two pairs 
of barriers (5) positioned in the space comprised between 
the p-3rU-Hg-e^rno z % 1 e end and the side plates and slanted by 
an angle Y, between the two barriers of each pair, 

35 eefflgfj^ed- r a rig i ng between 5° and 30°. Such barriers can 
be in contact with the discharger wall and, however, they 
cannot be more than 10 mm away therefrom, whereas they do 
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not come in contact either with the casting rolls 
( ther efrom they must be preferably more than 10 mm away 
therefrom ) and with the side plates (therefrom they have 
to be preferably at least 20 mm away) . In case these 
5 barriers are constituted by bars made of refractory or 
ceramic material, they are preferably anchored to the lid 
(not shown in figure 1) which usually is utilized to 
protect the molten metal bath from oxidation and which 
are partially dipped into the molten metal for a depth 

10 preferably not iewe^less than 5 mm. 

Such barriers, positioned in this way, contribute at 
containing and guiding the scums' motion induced by the 
superficial flow of molten metal (9) parallel to the 
rolls' surface so as to take away such scums from the 

15 surface of the rolls themselves and convey them inside 
the compartment (7) formed between the pte^ eno z z 1 e and 
each pair of barriers. 

The device s ubj cot e# according to the present 

invention is effective in avoiding the formation of 

20 defects on the surface of the solidified strip, also in 
presence of a huge quantity of impurities wholly filling- 
up the compartment between the barriers and part of the 
space between barriers and rolls. 

This thanks to the fact that the flow (8) is anyhow 

25 able to hinder the agglomeration of impurities near the 
roll surface. 
Example 

52 tons of stainless steel AISI 304 have been cast 
from a ladle through a 15 -t tundish into a strip mould 

30 with counter-rotating twin rolls. The steel, at a 
temperature of 1520 °C, has been fed to the mould by 
means of a refractory plunge r no z z 1 e partially dipped into 
the molten steel bath in the compartment formed by the 
two mould rolls with skirt made of nickel -plated copper 

35 with a 1500-mm diameter and 113 0 -mm wide, cooled inside, 
and sideways delimited by two containment plates made of 
refractory material brought near to the side wall of the 



- 11 - 

rolls. A molten metal level of 420 mm has been kept into 
the mould and an almost 2 , 8 -mm- thick strip has been cast 
at a casting speed of about 4 8 m/min in a total casting 
time of 48 minutes. 
5 The surface of the molten steel bath has been 

protected by a refractory lid, supported by a steel 
structure, therebelow nitrogen has been blown- in to 
protect the bath from oxidation. 

The p 1 u-nge ^no z z 1 e for feeding the molten steel to 

10 the mould has been made of alumina-graphite with the 
shape of an upside-down T 7 with circular section for the 
vertical pipe joining the tundish, whereas the horizontal 
part has been implemented with a parallelepiped shape 
having about the following sizes: length 700 mm, width 100 

15 mm, height 14 0 mm. The p i ung-eae no z z 1 e has been placed with 
the 70 0 -mm long walls parallel to the rolls' axis and the 
two 100-mm wide walls parallel to the side plates. 

On both long walls, faced towards the casting rolls, 
3 5 mm away from the bottom wall, four pairs of holes have 

20 been obtained, with round section, with a 15 -mm diameter 
and horizontal axis directed towards the rolls' surface, 
placed symmetrically with respect to the centre on each 
arm of the T of the ^i^-ge ^nozzie . The holes on each 
plungcrnozzle arm have been placed in an equidistant way 

25 95 mm the one from the other and they have been angled by 
30° with respect to the perpendicular to the walls 
themselves wherein they were obtained and directed 
towards the short wall delimiting the end of each arm. 

On each of the two short walls of the plunge ^nozzle , 

30 placed at the end of each arm of the plungcr noz zle , a 
round hole has been obtained, with a diameter of 25 mm 
directed towards the opposite side plate and slanted 
downwards by 3 0°. 

Under operating conditions the holes' dipping on the 

35 long sides has been 2 0 mm, whereas the one of the holes 
directed towards the side plates has been 30 mm. 

Four refractory fibre barriers, Al 2 0 3 -and Si0 2 -based, 
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and having the sizes of 18 0 mm in length, 6 0 mm in height 
and 2 0 mm in thickness, have been anchored in the above 
lid so as to result in vertical position, placed with 
their long side towards the lid and perpendicular to the 
5 free surface of the molten metal. The barriers organized 

in two pairs and arranged so that the long side would 
form a V, have been positioned in the two regions 
eomp-r-i-gedr — between the narrow side of the plungc r nozzle 
and the opposite side plate. The two barriers 

10 constituting a pair have been placed in contact with the 
vertical short walls of the fiteftge^nozzle , they have been 
angled so as to form an angle of 30° therebetween and 
they have shown a minimum distance of 4 0 mm from the 
rolls and 36 mm from the side plates. 

15 When the barriers have been tested, together with 

the plungcr nozzle described, they have been dipped for 2 0 
mm in the molten metal and they have determined, on the 
bath surface, two areas for gathering the floating 
impurities with an almost trapezoidal shape, the 

20 confinement sides thereof were constituted by the 
barriers themselves (oblique sides of the trapezium) , by 
the narrow side of the plunger noz zl e (minor base) and by 
the side plate itself (larger base) , the latter not in 
contact with the barriers . 

25 The barriers, so positioned, have contributed in 

containing and guiding the movement of the impurities, 
induced by the superficial molten metal flow parallel to 
the rolls' surface, so as to take away these impurities 
from the surface of the rolls themselves and to convey 

30 them inside the gathering area. 

The continuous casting test, by utilizing the 
apparatus according to the present invention, has allowed 
the production of a strip of good quality, substantially 
without cracks, depressions and cavities deriving from 

35 the entrapment of impurities on the produced strip 
surface . 



